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Quantitative OCTSmage Correction Using Fermat's Principle 

and Mappmg Amffs 

VoUoBff We9l|dial^9 SqmtaRaffltfJchrishnair'^ Andrew M. RoUids^ and JoB^h A. Izatli^ 

•Dqiazttnents- of ^Biomedical fiigiiieedaig and ^Mediome 
Caae Western Reserve UDzvici)siiy» Clevdaiid» Ohio 
Dqiartment of^iomedical Engtaeering 
Duke Uiiiveait^;Diid3fltni»Ncii1h'C^^^ 

AJistact 

•tissue miuosllQCliiie Jfl* W w^iMi artcsotutioM^abcut'lO- |uil SO'&s'fhdiescardi^hBS-fiiGased'^a — 

tecfaniqocSy cir jSwtkttfll ituflgju g like color tX)f)p)cr OCT* Hvt odC of fiifi joaia ^dvsot^cs of 

icftaction at tfw (Q^tissiiB intu&ce. 

•Kg-j^Glmicoma diagoosis infhe anterior segment^fho-^^ 

We dcscobe a znatliodhkigy fiv qoaniit^^ 
piDocttocs fbf comciion of artriteaiy qwtiBi waqang caused by ocWMguf nnn j m ^! rc fe i aKy . nncI 
lotBEal sanqile scan paUuuSa-2s vkSI as anovd qipcxadk-fisr KibicUon cotxocticnilD Iflyetedinedia 
based on Fcnnaf s pcmdple. Tfic de-wapi ug ooncdums aie ifcfptoeided Id leat^ime by use of 

iniemiive au giS'pcifiinncdiiffi'lmeL 

Ki^fWOadS! Optical c c i i mm cft XWUft^xfby^ OCI^ Fcnnai^a principlfl^ scfinoiQg'COinflgjKi^^aBi 
tfloa^a^distDiAiOD 

Opiical'cotacrectoe lomo^apfay b a idBtivcfynew tcdmology, ii^ikh oapsSHc ofwkzoo' 
8calei»iohilianimapngnoniB»ashrctymlM^ 
^straightforward to osc OCT to obtain Bocnratecytolth 

Bcanlineinehaniogcoooaigedinmylhcreamiaai^ of OCT tnirvtidi 

aocutace im-diaMii^OQal lecoQSiciKtio^ 

6uAiypSe>fiOfn iabtO|ihrt>ilitti4aiitciiof iffifiifii taoiucUy [[H in^WldchDOl only linear 

dlstanfies Intt also oindllncar sDvfioes^ fa^^ 

OCT Is a tfidalively ycmo^^tecJ^^ 

resok[d(n tnyuovcmoits ^ icaikfinu 

QrpQlai^atiQnacnait^roOCT[^S]:Meaflwfaagr^^ 

pf QCCKfiS^g f f iT ^ yi ffT tf? f'**1r*^ ptp^pft ffffTT t rd ton 

jBDoedoiGslbroaiRdlimofMitisyqniUvai^^ 

and latcnlaaB^ieaa patterns, as "wAaraiNwelqiipfoaA 

itse cf peml)er()siappBig) aii«BFSi «4u^ 
couiputatfrninny MmAit^ and is pediauied offfinci 
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METHQBS 



Bo0L dew9Dcpii|g- and rcfiaotioii ooireotioii tEttoafianuttlDas ate nnplftamntBd a» badcwaid- 
iransfinmaifoiis. meaiitag dtfennfae Ibit a eiveii position y) in. the taxget anfltee-to be 
displfigred fiie poshiooP^x^y)'ia-flieiaw data acquired 

iQi^eiti^tjCian of spatial- im^ge cozrectnixi usmg badcward naosfiMmatioiBims-iiiaQy- 
fldvfizxttige?. ^^mtijMgrf wiMrtfaerfunuflfrf tratikrfunnjtitftn^ fbeintieijiBalaliozifito ubUini file fiixel 
vaJttfi-at ntnirint^et positions is vast^ simplified vaOi tibe backward transfbrmatioa. Second^ the 

correct dcan n r mlbiCTrifto andscan-gcometiyX wDfOMalculflted qiaiial loob^-lBble^ called 
m^I&ig etrrs^ to allow ival^iine display. 

SCAN XONUNEARirV 

One inqMct aii t source of 9|UAial wqdiig in leaMime OCT systms is sinusoidal axial id 
DonEneatity due to h fl T i P<^'^'' r motian of Ae resonant Bcaomrm rfia w^etnf^ yfpi «ipf Aff-^n 
optkai 'dalqr (Fig^ lA)- Th^soDroe of jmpgo vraqiing m^'be comcted using tfte invose 
transfiKSL Nonnally the duty qycle iiaf tfie aoqnisition is^ less tfm 100%, XlicrB&ie theoon^lete 
i dqifli Ahsft labe calcBlaffld from n and:ihftYi5iMft spani^BpBid. 



la wm wp i cace. titcbackwardtransfbimatiancan be vnittea as 



a) 



(3) 



JSP' 






r, 














-Jf ^. 
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Fig. l.A)OoiieGdQaofiKiiiffiievadU8eBnidivB} 

ac^puiBd ^caw onog^ TsmBtodttiBoBtB ^^piii titn Hrfflyp^iTTf^ nedhm^ ^0 
Rfifiacdve tattiftBes la file nqde liter ny psiliSL 

AhbeevtrtSow Ai mnpfifade at^epih ^ cm^fp wxUL ±ity cyolo of ^<tuljiti<)tti. Di 
disiaooe on ads te ImagtAf fcadttb^ pivtf (113% 11^ 

iajaisttaadiouicBliaaff^ ^KflLSQaXe^^Wttdien^ 
' IfllMiQgBefittft lAaple «Bi& fte indtpes of icftieSon m sad it» 
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NON^TEUBCBNTRIC SGA9WDTG 

Ito fir 5y«te« fa it the cate ofthe ta^ 

cff ft acaiiMU*osp or conw^ iB?p«i^ 

TlietsMBtjixd poflhimi Poandso be definrf 

IfiB «ie-F©V »i»(lfl»dIslai»ODtfi«iiISPt»Pr«^l^Qi For alminoeeoeoas sampfemllioiit 
| .;fw<>rtriitB (ilennlrfly Mrfwuiiflt ltl.»ePiltgBi|vnilq' 

and 

sw Bidwnciaapilar aat^ of Beamed dau. fbc sen angte ^in dn FOV is linear 



ifuiexboimda[ica,Cbreimi^diBntts^ - 
tnoafannattaa^o-cu u e afi tf isto^lm-oouliuse Sitcil*s law tacakuiate 4ie taiget (di^li^) pixel 
given fee <iwteft|dKd«HoffBwa^ the 

iotpleaiaited for eadii^dalMf die aoqvlted-fap^ Fdr tfaebadcwsd tensfbnBgdQn» anovd 
apiwoadiis Id ^pfifVctiXisTB ftnXitifAt ^rfikh t&to thfit tfat' lig^ Will fi>IIow &c miintiui&i 



most be omuDiiail We lw 

ttoTnfitfTTnm eptkai p bSl PeemBPa pdnciplehas pwlmttty been used iq yogiiiygta ^ 
plfOQOuyp), 
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RESIILTS 



Ufxie OCT ^siem designed ftr-aoterior gggmflnt im^^g jiain g ft hanA hftM p^i^ Ayipl* 
sinusoidal dewaiping andlateial dhmsfiUGe cmreetiimsiwexe Inopleineiited^i^ to 16 ftamesA^ce 
using a mapping a»^. 

Toifist ttie Accncacy of IIib im^ge cimeGtiGns we nscAj mecpl m«th of 3t7 4110 Jme.sp3f±ig A 
a test-obiecL Mopnted on a Imear tfanalater in feiit-offlifl^pMAg, <teA<t. nniige H yt-gffVfli'al mtUH 
pdshions. For tbe test of the nonfiiKear scan, cancel 

shows fllPllH^HWlwl locatinn of ttecttllralTWie, before and afterdgtoa^ping- AftarfiepnTl^ 

mayinnim po^on GBor-couIii'be-TedUGed'&oiii ITlf fiiii»tA^.fi'|im_ ThBoosidiialqmeais to bavo-a 
5* Older tcnn, Hocwcvcr; this teoti enten^Eledttt stnofrit isiiflliiw ftaaxial m^wti^ limit 
deteonmed by the Ught- sottTDo, 

Fig. 3 shorn aa omb^^imagcs of flie tato«t A-a]dBr4ifibetof50a|iiii (eacoqitite: 
top 400 iaa andtottom 300 mnV This image is AeadymngtedfhgiimJotBgmai m^ng , 
11ieesrorvocte»c<ai^Kn«dto1faclaiO¥^ 

COgecgonm^ylBBMdhi Fjg. 2C llie.|rne)th ofttie latte js itiqteasedtenftJd: The 
roould-bendttcedfiam 304to 17 iaa. 








^ ^ * - - • 





















Tli T rijnt^fwffm nwrrrnnn nrnnrtTTrirtf iilff F} QvA^qr ei'MBatito^^^ — r«t-Ji^ 
— t ^1 — ^ -j.^ y^-j- f mn ITT fiaii ^ I ni» ml ffji umiiu ulilnMimlBa, Q 
RfiTM cn* wdoii b «$r BoOl wUoiacaafieikMOIihaci^ 

dnip oflntralipid on- a glass didc). 3A is distDstcd m multtpla'W^ l>iuin4elDQeatric - 
scannug bcods4h6 glass side 2) below 
tMcfaiasa of fta slide ifltnohifl^AUt^^ 

deriationoftfaoslide-ButfinQsis l<Vft>p)^Mdiarpn gurttanm)- ^h»^^^in^fMOf1h»^^^^df^ftOl»^All#ft 
togHMied»tii«|iprfAip%^| y, Rrfrff ?ti^ mrrftwrn wrr pftftamftl off-liiijp im tHglmUr 
sn&etira^ trfindcxhaimdaiiea 







\ ■;■-^■y:;;:V-:^•-/: t:vi■ 


0.6 mm 
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pftr riig tf tpgrtrtdft ftf nraite itfigl«-rin«air^ gjyyefttnfl OCT caft bft A Vfllllflble tOOl,. hecailSe it can 

image the a^glc Utdlglt ^opaque sokia. Con^ared tu uHxasomid biomicroscpipy no contact 
wx±]lie^peisittftP]i^dEantailcaltyinjPDeas^ changes 

GODcdioaitD wraiatdiyAQCcsstibl&anglfii 

IMsatml y wpaiftdty fimded bsrfhe Nafioiisl totteaes of Health (EYISOIS). 




Fig. 4i OCT Images of die teopond 
Bnterior diaraher angle of a human 
mnged ftr nto.Ht 8 ftunes/teci 
tfdifl^ent9tBgfs of quantitative 
fiua^ oofrectian: A) ifiw una:^ B) 
ixmoevalprnQAnne&rBB&reQce 

dlveiSRwe lataial som due to 
hMdboUOCrpn>be;D)cocrectfld 
fiv feficBcUoa at tfaciiirconica 

iddiHoDal conecUon fbr ccfiaction 
at 0IC endofiienum-aqiieoua 
bowNlaiy O^^iMw - 1,33). The 
flBftcCToflhecnmcalqtftlirihmfi 
and aDdoihelmiii were dmwnmtti 
vscf litpot and fiHad to a ipfoje* 



qfe^A^a hyl og y « la jnci^ 
2. f)ieilei;w;aat.nflin^^HC8aliaE9DQp^^ 

7(4):i02-SII7CZ00O 
3» Yad«dk^6^A.lilBDllia,aadJ.A.Iztft.*%Ba8^ 

v^onlor Dop^<Vi^ wtorncr tnowBraphy/ C^tfXaff. aS09)L 1448-14S0 (2000) 

S. RocM-^ ctaU "Blin d e d taciW fapoU ririfitwwn^ ^ apflcir cohBtefle tiiinftg^y,«» 
w %199I) 
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